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since the expected bandwidth of these systems in the future will be more than 100 nm [10] [11] [12] . This is because the SOF Bragg grating has small thermal effect and large Young's modulus [13] .
Though the range of the wavelength tunability can be increased by the compression [14] , but the reproducibility and reversibility is very low [9] .
Moreover, to satisfy this we need a complicated and bulky components lead to increase in the system cost [15] [16] [17] [18] .
In the case of polymer optical fiber (POF) Bragg gratings, the situation is totally different because the thermal effect is much more than those of SOF Bragg gratings [14] . For example, the Young's modulus for the polymer is (0.1 x 1010 N/m2) compare with (7.13 x 1010 N/m2) for silica, is more than 70 times smaller [13, 14] , that make the tunability is much better than that of SOF Bragg gratings. In addition, POF Bragg grating has the merits of a negative and large thermo-optic effect, thereby, large refractive index tuning by heating can be obtained higher than for SOF Bragg gratings [15] [16] .
Consequently, high tuning range can be obtained easily by direct heating for POF Bragg gratings.
Furthermore, the flexibility of the POF Bragg gratings can make the tunability extend beyond the thermo-optic effect limitation [20] [21] [22] [23] [24] [25] [26] [27] [28] .
Because of the plurality promising applications for the POF Bragg gratings in optical communication systems and sensing fields, the temperature effect on its spectra response (i.e.
transmission, reflection and time delay responses)
is very important, attractive and indispensable to study. In this paper, the thermal dependence of the spectral response of POF Bragg gratings with uniform index change has been investigated for the first time, based on our best knowledge. The paper is structured as follows: The theory for the spectral response of fiber Bragg grating is given in Section 2. The simulation results are discussed in Section 3 followed by the conclusions.
II. FIBER BRAGG GRATINGS SPECTRAL RESPONSE
Fiber Bragg gratings (FBGs) are in-fiber gratings operate by acting as a wavelength dependent stop-band filter formed by introducing a periodic perturbation of the effective refraction index within the core of an optical fiber [12] . Two important parameters characterize FBGs, namely, the modulation function of the fiber effective refractive index, n eff and the length of the grating, Λ. Any change in the n eff or Λ of the fiber will result in a Bragg wavelength shift [12, 18] . In the case of uniform FBGs, Λ stay constant throughout the total grating length, L g and the reflected light is maximum at the Bragg wavelength λ B , which is given by [12, 18] 
As we mentioned in the pervious section, in POF Bragg grating, n eff can be change by many mechanisms such as ablation, bond breaking, photo-polymerization, cross-linking, and photoisomerization [18] . Independent to the 1 , 2016 mechanism that used, the change in n eff is proportional to the time of exposure and to the ultraviolet intensity [18] .
‫واﻻﻟﻜﺘﺮوﻧﻴﺔ‬ ‫اﻟﻜﻬﺮﺑﺎﺋﻴﺔ‬ ‫ﻟﻠﻬﻨﺪﺳﺔ‬ ‫اﻟﻌﺮاﻗﻴﺔ‬ ‫اﻟﻤﺠﻠﺔ‬
Since n eff is temperature dependent, thus any change in the temperature will result in Bragg wavelength shifts. Based on (1), the shifts in the λ B of a FBG due to the temperature change is given by [12] 
Replacement of 
where ∆n eff (z) is the "dc" index change spatially over a grating period, and m represent the grating modulation index. Coupled-mode theory has been used as a powerful tool to describe the optical prosperities of most gratings. The inter-coupling between forward propagation field A(z) and backward propagation field B(z) can be written as [18] 
where the amplitudes A and B are defined as
In these equations, k c is the coupling coefficient between forward and backward waves, δ is the deviation of propagation constant β from the Bragg condition, which is independed of z for all FGs, is given as [12] [12] ( ) 1 , 2016 where Γ is the fraction of the fiber mode power that contained in the gratings fiber. 
Then, the amplitude reflection
can be obtain by imposing the boundary conditions as In (11), c is the speed of light in vacuum. (5) and (6) . As shown, the reflectivity is maximum at the designed wavelength (λ B ) and by increasing the kL g value, the peak reflectance will increase due to increase the reflection light from the grating plants and the bandwidth of the Bragg reflector (i.e. the width between the first zeros on either side of the 2016 maximum reflectivity [12] ) becomes narrower.
III. RESULTS AND DISCUSSION

‫واﻻﻟﻜﺘﺮوﻧﻴﺔ‬ ‫اﻟﻜﻬﺮﺑﺎﺋﻴﺔ‬ ‫ﻟﻠﻬﻨﺪﺳﺔ‬ ‫اﻟﻌﺮاﻗﻴﺔ‬ ‫اﻟﻤﺠﻠﺔ‬
This indicates that the bandwidth of the grating reflector can be tuned to a desired value by varying the kL g value. Also, results observe that for the same value of kL g , the bandwidth for SOF Bragg gratings is narrower with lower reflectivity than that for the POF Bragg gratings. increasing kL g from 1 to 3, the range of temperature operation for the first zero of the reflection spectral is increase. 2016 as shown in Figure 6 , however; the peak value of the reflectivity is very low; where is around 4%.
Iraq J. Electrical and Electronic Engineering ‫ﻡﺠﻠﺪ‬ 12 ‫اﻟﻌﺪد‬ ، 1 ، 2016 Vol.12 No.1 , 2016 1549.6 1549.8 1550 1550.2 1550.4
In contrast, the peak reflectivity value increases to around 60% when the ∆n value increases to 5ˣ10 -4 as shown in Figure 7 due to induced the refractive index of the core of the optical fiber as given in (4) show that, by increasing kL g , the peak reflectance value increases; the bandwidth of the Bragg reflector become narrower and τ r deceasing significantly and reach its minimum value at the designed wavelength (λ B ). Also, the peak reflectivity value increases to around 60% when the ∆ n value increases from 1ˣ10 -4 to 5ˣ10 -4 .
